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Th&o system, for tprqua ohart om~lyots io based on the theoretial
id..1 dhart, wbich ia wdtiorui, level, bas a lov magitodo * a low bsmid-
widthb, no torqu. ee aM a low. frequanoy of vai'atlop for the in-
-064 ooux5 tQrd.q1. Thq Tid in torquq line, in wow-oetite6 i

lOn rvIdon the basic, dexerit o~~br a"d is the bease fro* which all
deviations -4 ,Identified for the applica'tion of demerit points.

This sstes to; the first of its kind. Rom'~ts ObtAifid in M91
app~oe~I~os ,e roauotpbloi distingtions in ths qwlties. of ball b.WIAi

and thes3e distinotions a* fot to the qualitative opinions of exprta.
;iapi- qUntiive -Tat '_40ls of wat~lr ulte -o balU31 best.n
now possible and this fact may maske it possible to write more explioU 4

+ T ok f~mtra wtroarrmd by this system are the umarritea the rae
Of a^;e. thto frequoncy, "~ the rendomess or regularity of a e~vent.
the evento con*vidoreO are torqua, torque Ve4Jw, eA4~bn -width. An arbitrary
deierItt aoa~o baa been devised to: apply to theg. faotors oAd-eventg.

A1t proseat- U i -eytm :tnd~*s A.Pti 4t7 1 rulu i nai~g~ivt7

onsistent odwsparIsell betwen, torque obarta., eithber' fr the same atr ditfereut -

bearings. HOOVr, thae at:-'s of the ayti isch that teei o
possbiltyfot,~ absolt-o, instead of a relative,, *vau~itiou.

The atrstM is siwple, Gas to apply, amd easily adapted 'to *006MAi
0604S Imounnr in Which data is recorded permits a direct 00"Mprison of
indiv-1dual *v~nts, sdthe relative weight of, tboL demrit pointo for that

evet i eeI~l oha~gd o th ba of e xorienote or Usry

1. Tis rqoirt dozorlboo e* intorestWre tb7-Produot result-In frot) q rm-
'g!en VueO, WWt$ uadortak~.c A,6 d*emie thes feasibilit1y o?& o '.M bl

bearigs wth ~trmt~iioet~.gv. his byr-prodr-ot Is & Wothad f r 1y g
torque obarts on . pe*A-quntItativa Uw. to.. A beain~ ft niow he wzt04 on

Snumerioal basis for oach of throo %ajor ractors, The Withod is tO On
2,91 torqus obarta made, r~th~ i1 boarings. (fAtrscno claani 0?2 Ir-AIvUml
bWl bearings bas been foutA 6eCfactive cand fewibl Group or oevt~nuous

olesning~~ ~ ~ ~ ~ ~ ha A e enIvalae4
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A SYXTE Y ?OM61 CW 0 ASAITSIS

it M&y bo usht *AY t*g ssAtz= o# P00A oil 4 towrpu. ebat sbou bo
oon~~orq i~t1~ttin theav*'s~e ~ 1alvw. rl is 4 to 6A that Vwh

izwU*uw*usv'aluo rgjil4o4 0 ar vximato 'a WAI***~ bas 4 r04 st94-

luuaeous zreob fzft a. 0114 XWUi a P01* tiv 44
0'abe Mod~ .The ~ m~ JU114 0 .e are U04 'ter the *oila~ li. t1010'

pr"Ods _4341. &v) 4s wiatyc seo of app ioa (h) its Zp0%
Oboe, ''o being 44s'tb..1 ely 40rrtwot W c (0) is etaisuf4 ohcae .fir

avoooS 00 s 4heztios Oror.,

~t1the~i 4 ~ .0APo of 0l t, ~t ai.*M#4 Vt the WOO~A
torque v4oo shll, Wo VWh dA45wt fa.#t, wer tou 006u, *4 " L0

in ~.ae~t~to a. 4iljiad by 100 before recerdo4 Is~o1ia1 i
Wil bs the U400c fit"t to wi/ch Srl,'it pl~ts Wil be applie o 0 41 tU e
ot VOW10tio fr" tho *ortioally #*401100 ouriro, whih to uttorso 'horrL

3. t0 c, stois n the a.l4i4P?4W 1.3 ;4hOht te 'torque, ourve
from owe end of 08e suart, looking do", the tlwtioal %*ddlin S~e. (M&
auslysa it is *wb~ #"1i to at~ll dftW this lbne,) A amtot of Aiffor"'t
variations wq 4w be seent. TO mom ebmasts, thero will be only a'ia"

Vaition 44eut the *at"ia ILA. %a tOrwap the vWAstit ow be to e new"8o41
asto resovble a siae wa've, OW in -hiS 60210, S evertl "distittLNS WAS, stb

a~~te4~ ~yollag of the torque level to dofixo$ #*Anyoriimi he
meudo laostcouas o ffhe1 thele ato "Yo 6tiO miaf rSst

- - tesets as~-t th ht~Peruis - t i u1-ar that the bewi thiof tbs.
iusteteao Vw aitio .±ftot this doussivat les.-

A. "TO-r of caution mot now bo added. Xt seow of tkoxo definitioms and
Vr$6e0iurS NeOM $.neuat Or* not s'afiDOien spootfia, it should be remeiberod
tbt this is on Initial proposal, that it W originally designed f'.1'om.u
parative purpeoss, and that mpy 4t'to.t to r"a jafrtije to two 4601"1
plecwoa the Ohi'4 Law ooeurso only to the 4g10e00 whole nWA601 (a
tfipratires somparten oaly) is obvious %mloe04iug 1weatullyp it t1e ids
Sad Owpeduf'es hems proposed exe widsly aeptod * it amy ie"e wrthwwil 'to
Oaks fix$ weawntso but solely tor the jpwpse of oorrslat~ag with useful
Moife *elleat perfewAoe, and appleatis* of a bearing,

S. hunivg daorivmed that dev1.Atioe from tbs medilm torqu*e lIUe 6xist,,
gisimgnitude &Wd A6er Wre U63A rOOe*'dd . hMVAvA*4 li detlerminod

qAga& by dtnwing (ci' estimting) the Median line trough the *#%tra prtion
ot 'tbs toPs WWd the b8ttoM of the $* va portioa of the owrvo. The level

ot Such 11eS 1s rsrded in 8rWu-oontL1nsta' tie 100v %e nMaber of suethigh am law, readis is als reerdsd. Far paotioal purposao, it the
vill1t r~aorde4, T sowe +ypo of "eordift is ua' Ror 1loW va"Luair.

bJ



A 15SP2 MRO Tu tRhi CWT1~ ALMO~

6, Ather t-pq *f va.riation iiAght be a."ma fromu "~ arA vie~w Ci the~ torque
Curve. Th thi.s 06"o. 06vor~l different putoauri zight be becn't 40AStout1.ve

uatter torque, lIveIs oxisting for Wbout 1/4 rovalution soo &+,~ O.l50 0..
Q00 od 0.:5 l I tix 480" ~ ia *%svs "I' high4
-(or low) vaautiom 4WO ditinatt 0,"h oormto loel (Umo 100) Is xwrdd
Ao~u41li tMbo'rie io disu nction in the o 4ius proosps,, only in the sqion

who bti its oped.

7. I'ett~ tqe hart J0 01001 in 010c thet1orv* w ; offsos
to *or* that 1/2 ohart -unit. Thlo ty-ps of re~4ig tos 0410d a 48-

$J$At U Q -ow m,~ f0ik1Q te art 0f 1~ %AL.,t0 n d4tou to Its existutens
voit 4urUon , a 1ti s~eodda b number of chart unito vht0A ar#

off-~spale * All reawingo eoeeooing 0.7 I .a-ooenimUetr %ro ro.-dda oft-
stA4*, T#m weighting f#ater of 10 is app1iod to sitob evants, to distinguish

f~ ff4oa r*w&kX, "Which Aft roa5~ i~ ~ t~ O. r~ timetor

tor' logo tban 1A~ chart unit. 0ff,-o.1 torquze Peaks hav, a weightitig factor
of 50 so tht dtsti i now wdo b.twoen 0~A-06e pvaks9 off-sc0a10 pe'ou, i

IW hs~p-Is vowighting fcor of 1 for ,on-scalt peakes '5 for off-scale
4tks asj4 10 for haW-Ups.
8. Th ie y t %ng factors are *rbitray. owever, teir application to

001 torque s~harbo Shows that they work in ranking 'the, vatiaua oahetwt 3 as.
to "oet with *xporivnced observers: interpretAtion of the swae charts.

fto*aaowr. Qy Vin a e~ valid theo 3tleel basis for ve gta tho
individt0al f"_to Or perhaps o~thrs may find different veightiwj taotors
Moe ouittblo for different boarin appitoirions. Someisthrt o
o**m +Oftrq"ae. "bth.' gPrerfa or Mwtitvzouq- is mere iuport thA&

t~ea~ntudo of thr ohange or the toru eve at -h~ he ohanges oeaur.

?to *i 0 4n1y* A o torque peaks is broken into two parts. One is oonoerned
with on-scai. peaks, the other with off-scale peaks. On-soals peaks are
recorded rany,## the number of olicurrences per bearing revolution. All peaks
afte oouted 0 W 7tLl the total divided- by the nubor of revolutions.
Although tho MAxd ote InidurL instantaneous peaks might be taken
into acocunt, &W~ thlo would probably be better frois a theoretia. sta~4point,
it, is folt tht Proticality io obtolned in this manner without amy groat

lossin lyt~al ocuacy Intant"$*us poaks ane aounted mM It they
,Z aceorniblo outside the nominal band .width.

10. Bo vidth hat samo sisnifioartoe in torque obart &nalysigv but at the
o nt it ic ha toeieo hortioal basis. Bonuas diffrnoo

havo 'boon naodo tWo poosible _ YQsstm~~ sugMested. In Oo syst~em,
a qt~uvltstivo scaleis n0ot up. The width of the owvalopo vbAch would oantain
prutilly rall zmi =A mini= of the intn-ous teirqua peaks (GrA which
4mvolopv 9hould ba ;othod on tho ohart to simplity anayois) to defilnod W
Q~o han width. InT tko qucalita.tivo aoow- thia band width would bo very
peor peor, avonr,, o d, wd vor good. Very GaWo would be tiorth an aebtVC27r
ii pinto, ozoh p.oorovoy x Vcr;.t ion an a~dtioml 5 poins, co thc3 voi-e bM

botvooa tho onvolopo iino migit bo m~wurod In aeart or carbitra-ry unikda,
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B~ou"4 1bb$ Vote Vt*4 *It 4 O~swiftV* tostx the 4ative

Uz. 7~lolr, tlw tr~i tor vo$~~~. h te~~e& ~ pe
to ro*4. Apou*, tM soe f'*eatavo ##bs" '001A be 0404 tha~t Vpe4

U, bAM4 w~*tw Or# for 01,00o' 0#*104, th06-4000 040Ur.g U* 1/0

TftMJ CJWT AMAYT#; USMh MP OATA

1. p~itWk 4iffot~ eeui1O3%I trV 4pMth Lo
fro the m 1.4 ve1 o * -tpe be 801fpuh pr~osp

o 4 to Vla row1.i. IA A 111 ,oq 1* fo.wwe t thbig low oysooo

U00#. ' 1~ o,&d ~*o *10. 4U the~oua-.

8.Thop. dovl.MUOS ore thoal wtoui $0ed~t h ft*I~560
1/1akh U0, 40=ut Lii co1w 1.0'. fi ol '4ar '1r1.o4Sfef 1,~/0 04 Amount in.
019 14. tor rol~om vJrAiep,. aA tbo totA& *ae~ ,i Q@1u 10fj

t~#aee~wtmWLk 0*tb. pto , AtAl WS& veW14+ 804ois ewbi-
W~~~~~~~~i- 0w t"w AsWU* ,~I *U~4

S~~~~~~~~~ ,h ldpo h a4 o eu~rto y observing the solum
heaing beethau of rt4o t010*& Is. mnt4s Io4*

UVAWATWG TMl SYMIth

X, I tho. proposed teotors for ratw,. are aqeoepta le then this system b.
,tb* felIoving %oits. Single fastors,' suob as *m*dW.u eqov~u th
Ausbpw Of high$ 0k' IWS ini a pOn t_ W- Vsri*tA0An or the Aumbor of peWkm
o~w ,e 0400"r div'.,tly. The WeGUMIA4 faseior$u 0an bq Ostly obmagd on,
tbo b~wit or .zqewrios or thory. -Tbie "a sit nlysis of the obat is
quit* rapi4- 4 mnutes per obart taludiig haMling of the ohart, reoording
t00,t 0A 14WAtOn5. WA filing t09 44A~. "We anaysis Of the ebart
reqirso e ry little equaipment. An~ indivtdia om'uld be tr&Aipd to ana~lyss
saxob a Aort in a short Aime- porbops two hou~rs Wiro Use., four hours
olpsoi -tiue. 1The system h"a urit by its abili~y to provide osistent
ss*o 0 4Aafo @oapwisorii.

2,Tho dmo %p~yn anwriol Omrts to Uxiv.idual footrs of the
to~*** promkta to ths first tima, t)o posoctbility of estsblishing

~ rati ~ng~ ayta for booLnge., it' V o ror.r weighting
U~w ~ be tw4rWO oit *Mob4 bhy *x *r1anat or th~ryo, then 'it wwy be

-pill ooA~, al ftar ~Irt rw -An 0o1.rit numbor equivaent to
lugPA ' a (VMN' WU th; UOW*3 it 16 lovot **-ore vould be boot.



A UY8TO 7% TORQUN CWAT AJIALYSIS

At poesent it is felt that a $-part swner, we for torque, aetber for
peaks, old a third for beod width, is adequate to ebwreotoriso a beatiag.

3 . It nor be prosible I, use the indiAa torque &lox* as the basis fastor,
ad to &4d dons'4t points basd on V- en the ambr of high "M 1ow Mgam waves
observed, &Ad the oxor of peeke of any kind.

4. 2here Lot finally th hopeo that Use analysis of torque eharts, Prepared
with tUp sid, up and top ide dowa, my~ lead to && estimate or evaluaties of
internal 4iunsiw end ebarewteristies of the bearing geonstry.

1. During the *oures of .1i thos torque tests, Is soation with taw
ultraoso Inventigstisns, it was tound that a surprisingly large ambor of
obovots. The Wee priseipel problem weo roproduibility and aou~rasy, and
these are istexwowen with the variability inherent is the bell bearing itself
and in the torque tooter.patrint

SoA eible tous hr hudsoe eeiiepteni l

,then enough additional revolutions should be obandutl ist statistisally
p"Soe that the irregularities are rnoorreolar. IIsthe writer's
proe res.. to obtain a minimum of S oonseoutive revolutions, plus additional
-M it model.

L. &W$Afftit evidne ws foucd durIn4 the Ultesie isrestimtimu to
afti $o oful etion of a UMer of ether tatetu whik are eimly
Woos for twemted It reproduibility Is to be assored. 7irst of all, there
sust be a *boek to ibiure that the weigh en the bering, during the torque
test, is properly seated. This typeoef *book requires that tUe bearing be
tooted at least twns- so that the veiW most be placed on the bearing is
to separte operations. It bos els beon found that entirely different
shats oam be otained by simply turning over the bearing, and retesting it,
and thes tosting with the original side up.
4. Liabrities, the type of labrisatien, asi the nanr in whisk the lUbri-
sation is applied a also influesse the obarmaor of a torque ourve. ThereI
my elso be a distiit shwWg in the typo of torque curve obtained from a
beowing whieb to tested ead thon retested after a tim interval of perhaps
4 weeks, under seaditiens an like thes original as possible.

5. With all Uhe variabilities neted thus far, It is easy to see that a
t"rue sort san be quite far free presenting an adequate pioturo of the
peoronmrs or obarateriatiou of a ball boating. And to top this wff,
there must also be so oonsidoration given to possible varlations in the
torqwi tester itself.
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COMUSIO:

1. In the writer's opinion, a oomplete nd aeorate picture of a ball
bearing's torque ohersctristios oan be obtained only if the following tests
are performed:

a. IVory torque test must be made with at least two consecutive
revolution for eaoh side which is tested. Additionsl oenseoutive revolu-
tion should be taken if irrepalaritios are observed.

b. Each bearing should be tested, without lubrication, in the follow-
in sequeacs:

i. A--is vertical, Stavqod side up.
ii. Axis vertiol, St pped side down.
iii. Repeat steps i and ii.

a. The sequenoe of tets given in step "b" should be repeated with

lubrication.

2. Althouph these are necessary conditions to obtain a full end aceurate
picture, they still do mt insure that the correct pioture will be obtained.
A great deal more of funduental information is necessary before it sa be
dided h= ceourtely a set of torque oharts will describe a individual
bearing.
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